In this paper, the photocatalytic activity of multiferroics BiFeO3 (BFO) and Bi0.8La0.2FeO3 (BLFO) nanocrystals with two different morphologies which were synthesized by two different sol-gel (SG) and hydrothermal (HT) methods have been studied. All the obtained samples were characterized using X-ray diffractometer, Fourier transform infrared spectroscopy, transmission electron microscopy, UV-vis spectroscopy and vibrating sample magnetometer. Differential thermal analysis (DTA) measurements were probed ferroelectricparaelectric first-order phase transition (TC) for all samples. Addition of lanthanum decreases the electric phase transition. For photocatalyst application of bismuth ferrite, adsorption potential of nanoparticles for methylene blue (MB) organic dye was evaluated. The doping of La in the BFO structure enhanced the photocatalytic activity and about 71% degradation of MB dye was obtained under visible irradiation. The magnetic and ferroelectric properties of BLFO nanoparticles improve compared to the undoped BiFeO3 nanoparticles. The nonsaturation at high applied magnetic field for as-prepared samples by HT is related to the size and shape of products. This work not only presents an effect of lanthanum substitution into the bismuth ferrite structure on the physical properties of BFO, but also compares the synthesis method and its influence on the photocatalytic activity and multiferroics properties of all nanopowders.
Introduction
In order to generate hydrogen, an environmentally friendly process has been offered to modern society through photocatalytic degradation of pollutants and photocatalytic water 2 splitting using solar energy [1] [2] [3] . Multiferroic materials have recently drawn scientist's attention due to their vast applications as a result of their photocatalysis and photovoltaics properties. The narrow energy band gap and ferroelectric properties lead to high absorption of light in the visible region [4] [5] [6] [7] . Bismuth ferrite, which simultaneously shows ferroelectric and ferromagnetic behavior at and above room temperature (RT), has drawn attention for two decades. This increasing interest in bismuth ferrite as a noble material is due to its potential application in multifunctional devices, data storage, sensors and photovoltaic technologies [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . This matter has the anti(ferro)-magnetic to paramagnetic transition at Neel temperature Literature survey indicates that, with periodicity of 62 nm spin structure in BFO gives a spiral modulation and is a cause of G-type antiferromagnetic ordering of bulk bismuth ferrite [24] [25] [26] . Moreover, due to the formation of secondary phase and impurities during synthesis process, BFO has large leakage current density (because of various oxidation states of Fe ion and the existence of oxygen vacancies) [8, [27] [28] [29] . Many theoretical and experimental studies of bismuth ferrite have been carried out to expand the applications and solve the problems hindering practical usage of BFO [30] [31] [32] . To overcome these obstacles, parallel to synthesis of BFO nanoparticles with different methods [11, [33] [34] [35] , it has been reported that A-site or Bsite substitution into the structure of bismuth ferrite, is the most effective strategy to reduce the impurity phases and enhanced multifferoic properties [36] [37] [38] [39] [40] [41] [42] [43] [44] .
Apart from these multiferroic properties of BiFeO3, according to the narrow band-gap of BFO (~2.2 eV), bismuth ferrite has been also known as a magnetic photocatalyst at visible light irradiation for water splitting and degradation of organic pollutants [5, 7, 45] . The weak ferromagnetic nature of BiFeO3 nanoparticles is also used for recovering the catalyst from solution. However, the photocatalytic efficiency of bismuth ferrite is also limited as a result of its low conduction band (compared to H2 or O2) and small surface areas for catalytic reactions [1, 46] . In order to enhance photocatalytic ability on the degradation of pollutants, BFO has been synthesized by varying its synthesis method and by varying its compositional parameters such as substitution.
To understand the origin of the influence of synthesis method, as well as the effect of addition of lanthanum into the structure of bismuth ferrite, we have synthesized BiFeO3 and Bi0.8La0.2FeO3 nanoceramics through the sol-gel and hydrothermal methods. The synthesis was 3 done to find a deep understanding about their effects on the multiferroic properties and photocatalytic activities of BiFeO3 nanoparticles.
Experimental method

Sol-gel preparation of pure and La-doped BiFeO3
BiFeO3 and Bi0.8La0.2FeO3 nanoceramics were synthesized via sol-gel (SG) process by using Bi(NO3)3.5H2O, Fe(NO3)3.9H2O and La(NO3)3.6H2O (for the case of BLFO) as a starting materials, and deionized water and 2-methoxyethanole as a solvent [47, 48] . Stoichiometric amount of bismuth, iron and lanthanum nitrate were completely dissolved in the solvent. Acetic to obtain brown nanopowders.
Characterization
First, the physical properties of pure and La-doped bismuth ferrite is studied. The crystallinity and structural properties of products were investigated by X-ray diffractometer kG. The optical properties of products were examined by UV-vis absorption spectra using Lambda900 spectrophotometer.
In the second part, the photocatalytic activity of all samples were evaluated by the degradation of methylene blue in aqueous solution using 300 W Xenon lamp under visible light irradiation. The starting concentration of MB was chosen 4 mgl -1 with dispersing 0.2g BFO or BLFO in aqueous solution of 200 ml. For achieving an adsorption equilibrium of MB on products surface, the aqueous suspension was stirred magnetically for a period of 75 min in the dark prior to irradiation. Then by turning on the lamp the changes of MB concentration were measured. Concentration variations were studied by measuring the absorbance of the solution at 664 nm using a UV-vis spectrophotometer. C/C0 is known as the photocatalytic degradation ratio of MB, which has been investigated in this study. C0 was the starting concentration of MB and C was the concentration of MB at time t. ferrite, leads to a phase transformation from rhombohedral to monoclinic structure which is observed in the merging of two major peaks of BFO at 30<2θ<35 into the one peak (Figs.2 (b) and (d)) [47] . On the other hand, for HTBFO and HTBLFO nanoparticles, at a larger angle, the major peaks exhibit no phase transformation. The average crystallite size, has been obtained from the Scherrer formula D=
Results and discussion
X-ray diffraction investigation
Kλ β Cosθ
, where K is the shape factor that normally measures to be about 0.89, λ is the wavelength of Cu-Kα radiation of the XRD, β is the width of the observed 
Furrier transform infrared spectroscopy
To get further insight into the formation mechanism of BFO nanoparticles, the FTIR spectra of all samples were recorded. Fig. 2 illustrate the FTIR spectra of all as-synthesized nanoceramics in the wavenumber range of 400-4000 cm -1 . Two major peaks between 400-600 cm -1 correspond to the Fe-O stretching and O-Fe-O bending vibrations of perovskite FeO6 groups, which confirms the formation of BFO nanoparticles [11, 49, 50] . Between 1400-1650 cm -1 two peaks are observed which are related to the symmetry bending vibration of C-H or C-H2 [51] . The broad band at 3300-3700 cm -1 is due to the symmetric and anti-symmetric stretching of H2O and OH -bond. For the HTBFO (HTBLFO) samples (inset in Fig. 4 (b) ), the total weight loss was 2.3% (1.5%) which is divided to three stages for HTBFO nanoparticles. 
M-H hysteresis loops analysis of BFO and BNLFO nanoceramics
The magnetic hysteresis loops of as-prepared samples were measured using VSM at RT with a maximum applied field of 20 KG (Fig.5) . For all products a weak ferromagnetic behavior is observed. However HTBFO and HTBLFO nanoparticles didn't show a completed saturation magnetization. A significant enhancement in the value of saturation magnetization (Ms) on SG synthesis method is observed due to the smaller particle size and morphology. The M-H hysteresis loops data ( Table 1 
Uv-vis spectroscopy analysis
The optical spectra of as-prepared products as shown in Fig. 6 reveals a high absorption in the range of 500-600 nm for all samples. The direct optical band-gap energy of all nanoparticles was calculated using Tauc's equation (αhν) 2 =K(hν-Eg), where K is a constant, α is the absorption coefficient and hν is the photon energy [53] . Eg is determined by plotting (αhν) 2 vs 11 hν and extrapolation of the straight line portion of the curves. The band gap decreases by Lasubstitution into the BFO structure. The optical band-gap was calculated 2.12eV (2.13 eV) for SGBLFO (HTBLFO) nanoparticles which was lower than pure BFO samples (2.16 eV for SGBFO and 2.17 eV for HTBFO). Fig. 7 (a) shows the photo-gradation coefficients of all products vs. time.
For SGBFO and HTBFO grains, 26% and 21% of degradation take place in 300 min. However 71% and 58% of degradation take place with SGBLFO and SGBFO nanocatalysts in 5h
respectively. In principle, the efficiency of the photocatalysts depends on the factors like crystallite size, morphology, surface area, and band gap and photoinduced electron-hole separation efficiency of the catalyst. Fig. 7 (b) shows the rate constant of ln(C0/C) vs. time. The rate constant k is calculated from the slopes of the fitted kinetics (ln(C/Co) = −kt) [54] . 
Conclusions
In summary, pure and La-doped BiFeO3 nanoparticles were synthesized by two different sol-gel and hydrothermal methods. The effect of synthesis method, as well as, the enhancement of photocatalytic activity of bismuth ferrite nanoparticles by addition of lanthanum is investigated. XRD analysis confirms the rhombohedrally-distorted (R3C) perovskite structure for all products. The TEM studies reveal that as-prepared nanoparticles synthesized by SG are semi-spherical powders. On the other hand, as-prepared samples 13 synthesized by HT have rod-like shape. DTA study indicated that addition of lanthanum in the Bi-site in the structure of BFO decreases the Curie temperature (TC). Magnetic hysteresis loops showed the influence of synthesis method on the magnetic properties of samples. SGBFO and SGBLFO samples have much higher saturated magnetization which could be related to destruction of the spin cycloid magnetic ordering structure compared to rod-like HTBFO and BLFO nanoparticles. The photocatalytic reactivity of all samples was evaluated in terms of the degradation of MB in aqueous BFO and BLFO suspensions under visible light irradiation. The results indicated that the photocatalytic activity of products depends not only on the synthesis method but also on the addition lanthanum into the structure of bismuth ferrite.
